The absorption of monocomponent porcine 125I-insulin Monotard and Isophane was studied in six insulin dependent diabetic patients over a period of 12 days. The absorption of insulin was measured as the disappearance of radioactivity from sites of injection. The daily 125I-insulin doses ranged from 20 to 48 IU between patients. The insulin absorbed varied considerably within and between patients. The range of individual daily absorbed insulin varied from 19 to 104 per cent of the 125I-insulin dose. A significant correlation (p <0.05) was found between insulin absorption and blood glucose concentration. Insulin absorption rates were relatively high before all hypoglycaemic episodes and reactive hyperglycaemia was only observed when relatively low insulin absorption rates followed the hypoglycaemic attack. The results show that lability in some insulin dependent diabetics is explained by variation in insulin absorption.
A previous study has shown that the absorption of subcutaneous injected insulin varied significantly both between and within patients [1] . The correlation with changes in blood glucose concentration was only weak, when studied for a period of 96 hours. The absorption of a single dose of intermediate acting insulin may last for more than 96 hours [2] . The aim of the present study was to investigate the absorption of intermediate acting insulin and the diurnal variation in blood glucose concentrations over a longer period (12 days).
Material and Methods
Six insulin dependent diabetic patients hospitalized because of need for better glycaemic control were studied. They were selected at random from patients with a daily insulin requirement of 24 IU or more of which 80% or more was given in the morning as intermediate acting insulin. Patient No. 1 had prostatic hypertrophy, patient No. 2 had coronary atherosclerosis, and patient No. 3 had x-ray negative dyspepsia. Only two patients received medical therapy other than insulin. Patient No. 2 received digoxin 0.25 mg once daily and patient No. 3 received glycopyrrolate 1 mg four times daily. None had local lipodystrophies. The patients were given a solution of potassium iodide before and during the study to prevent accumulation of 125It in the thyroid gland. Clinical data are given in Table 1 .
Informed consent was obtained from each patient before the study.
After initial stabilization of glycaemia, insulin dose, diet, and physical activity were kept constant. Each patient was investigated for twelve consecutive 24-hour periods starting at 0800 h.
On each morning 125I-insulin of intermediate type, was injected subcutaneously in the front of the thigh, using a new site every day. On alternate days 125I-insulin Monotard ~ (Novo) or Isophane was used in each patient. Insulin Monotard and Isophane made from monocomponent porcine insulin were labelled prior to the pharmaceutical preparation as previously described [1] . The insulin was monoiodinated. The preparations contained 90% unlabelled Monotard or Isophane. The specific radioactivity was 1 btCi/40 IU. Evening doses and insulin Actrapid in patient six were administered at different sites using unlabelled insulin. Morning insulin was given at 0800 h, evening insulin at 1700 h.
The disappearance of radioactivity from the injection sites was taken as a measure of the absorption of insulin. The absorption profile of each morning dose of intermediate insulin was determined by external counting above the injection site using collimated 2 • 1" NaI-crystal in fixed geometry according to Binder [1] . The initial counting rate at each injection site was 2000 c. p. m. or more. Triplicate measurements, each lasting one minute, were performed at 0800 h, 0900, 1100 and 1500 h the first day and at 0012-186X/79/0017/0291/$01.00 
Calculation of Data
The insulin absorbed in a given period was calculated by adding the absorbed amount of insulin from all injection sites where absorption could still be measured.
As measurements of remaining radioactivity at the injection sites and blood glucose were not carried out simultaneously, the insulin absorbed in periods between two consecutive determinations of blood glucose concentration was calculated from the absorption curves.
Two correlations between blood glucose concentration and insulin absorption were calculated. The first correlation compared 24 hour values of mean blood glucose concentrations and absorbed amount of insulin. To minimize the influence of insulin injected before the study, results from the first 24 hours were excluded from these calculations. The second correlation between consecutive blood glucose concentration values and the insulin absorbed in the preceding 3 to 6 hours was evaluated by calculating an individual cross-correlation coefficient [3] . This statistical method was based on a general linear normal model [4] .
The individual day to day variation in absorbed insulin was determined as the range between the 10 and 90 percentiles of the eleven calculated 24 h quantities of absorbed insulin. The individual 24 h mean blood glucose concentration corresponding to the above variation was calculated from the regression equation between 24h mean blood glucose concentration and insulin absorption (Fig. 1) . The numerical value of the slope of the regression line (Fig. 1) was used as an expression of the individual sensitiv#y to insulin ( Table 3 ).
The quality of blood glucose control was expressed by the Mvalue [5] calculated for the study period.
Statistical tests employed were Kolmogorov-Smirnov twosample test [6] , Krushall-Wallis test, Spearman rank correlation test and the above mentioned cross-correlation test. P-values less than 0.05 were considered significant.
Results
The residual amount of insulin Monotard and that of Isophane did not differ significantly in any of the patients at various times after injection (Table 2 ). In the further evaluation of the correlation between insulin absorption and blood glucose concentration, the data obtained with the two insulin preparations were therefore combined. The median time until 50% of the insulin had disappeared from the site of injection (T-50%) was 10.8 h for insulin Monotard and 10.4 h for insulin Isophane.
The absorption course of intermediate insulin varied within and between patients (Fig. 1) . The difference between patients was significant even as early as three hours after the injection of insulin.
The total amount of insulin absorbed from morning doses in a 24-hour period was significantly correlated with the mean blood glucose concentration for the same period in five of the six patients (Fig. 1) . One day was excluded in patient No. 3 as he ingested an extra 320 calories pure carbohydrate because he felt hypoglycaemic.
The overall quality of metabolic control as expressed by the M-value was not related to either the day to day variation in absorbed insulin or the sensitivity to insulin. When the individual day to day variation in absorbed insulin was multiplied by the individual sensitivity to insulin the same ranking order was obtained as with the M-value (Table 3 ). This figure gives the variation in blood glucose concentration that corresponds to the day to day variation in insulin absorption.
The upper two panels in Fig. 2 demonstrate for patient No. 4 the consecutive blood glucose concentration and the insulin absorption rates. The lower two panels demonstrate, for the same patient, the blood glucose concentration and insulin absorption rates relative to the mean for that period of the day. It can be seen that when the insulin absorption rate was above the mean, then the blood glucose concentration was below the mean and vice versa. A significant cross-correlation coefficient between the consecutive blood glucose concentrations and insulin absorbed in the preceding 3 to 6 hours was found in all patients (Table 3) Fourteen hypoglycaemic episodes (blood glucose concentrations ~<3 mmol/1) were observed during the study. They were all preceded by insulin absorption rates greater than or equal to the mean insulin absorption rate. If the blood glucose concentration hereafter rose to values 1>10 mmol/1 within the next 3-6 hours, the insulin absorption rate during this Table 3 . Cross-correlation coefficients, M-value and blood glucose concentration corresponding to day to day variation in absorbed insulin. The cross-correlation coefficient expresses the correlation between consecutive blood glucose concentrations and the insulin absorbed in the preceding 3 to 6 hours; significant in all patients. The day to day variation in absorbed insulin is the range between the 10 and 90 percentiles of the eleven 24 h quantities of absorbed insulin. The sensitivity to insulin is the numerical value of the slope of the regression line between daily absorbed insulin and 24 h mean blood glucose concentration (Fig. 1) . The M-value and the blood glucose concentration corresponding to the day to day variation in absorbed insulin give the same ranking of the patients period was less than or equal to the mean absorption rate. If the blood glucose concentration within 3-6 hours after a hypoglycaemic episode only rose to values ~<10 mmol/1, the insulin absorption rates were greater than or equal to the mean absorption rate.
Discussion
Insulin dependent diabetes mellitus is characterized by a higher and more variable blood glucose concentration than that found in normal subjects [7] . Several factors such as diet, physical activity [8] , mental and physical stress [9] , residual secretion of insulin [10, 11, 12] and other hormones such as glucagon [12, 13] , glucocorticoids [14] and catecholamines [15] , together with the injected insulin determine the blood glucose concentration in insulin treated diabetics. For practical reasons it was not possible to measure the absorption of the evening insulin doses which contributed less than 20% of the total daily insulin dose.
The results seem to indicate that intra-individual variation in insulin absorption is important for the blood glucose concentration in these patients. It is demonstrated that individual values of mean 24 hour blood glucose concentration and corresponding calculated quantity of insulin absorbed (Fig. 1) were correlated with the lowest mean 24 hour blood glucose concentration corresponding to the highest insulin absorption rate. This calculation was statistically significant at the 5% level in all but one patient. The latter patient [1] had only been treated with insulin for 2 weeks after several years of treatment with diet alone. It is most probable that he had a significant endogenous insulin production, which is known to contribute to the blood glucose regulation, thereby masking an effect of the day-to-day variation in insulin absorption rate [16] . Furthermore, he had the smallest variation in insulin absorption rate.
The patients could be ranked according to the overall quality of metabolic control as expressed by the M-value. When the day-to-day variation in absorbed insulin and sensitivity to insulin were taken together the same ranking order was obtained as with the M-value.
When Somogyi tried to explain the hyperglycaemic rebound following hypoglycaemia, he presumed that the insulin absorption rate was constant [17] . In this study all events with low blood glucose concentration were preceded by a period of increased insulin absorption as compared to the average. If hyperglycaemia ensued, this was accompanied by a relative low insulin absorption. Thus fluctuations in insulin absorption may induce changes in blood glucose concentration that mimic the Somogyi effect.
The factors that determine the absorption of insulin are poorly defined. Local blood flow seems to be of importance as shown for intramuscular injections of Actrapid [1] . Preliminary studies suggest a major role of the subcutaneous blood flow for the insulin absorption after subcutaneous insulin injection (Unpublished data).
